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DRIVE FORCE OUTPUT APPARATUS FOR
VEHICLE

CROSS REFERENCE TO RELATED
APPLICATION

This application is based on and incorporates herein by
reference Japanese Patent Application No. 2012-3222 filed
on Jan. 11, 2012.

TECHNICAL FIELD

The present disclosure relates to a drive force output appa-
ratus of a vehicle.

BACKGROUND

Lately, a hybrid vehicle, which has an internal combustion
engine and a motor generator(s) as drive sources of the
vehicle, attracts attention because of increased public
demands oflow fuel consumption and low exhaust emissions.
For example, JP H07-135701A teaches a hybrid vehicle,
which has an internal combustion engine and first and second
motor generators. A drive force ofthe engine is divided to two
systems through a planetary gear mechanism. An output of
one of the systems is used to drive a drive shaft to drive wheels
of the vehicle. Furthermore, an output of the other one of the
systems is used to drive the first motor generator to generate
an electric power. The electric power generated by the first
motor generator and/or electric power supplied from a battery
is used to drive the second motor generator to enable driving
of the drive shaft with the power supplied from the second
motor generator.

In the hybrid vehicle, which has the engine and the two
motor generators, it is demanded to achieve three objectives,
i.e., (1) controlling of the rotational speed of the engine, (2)
controlling of the output torque and (3) limiting of input and
output of the electric power at the battery. However, in the
system, in which the engine shaft (an output shaft of the
engine) and the drive force output shaft are coupled with each
other through a drive force transmission arrangement, which
has, for example, the planetary gear mechanism(s), when the
two motor generators are individually controlled without
integrally controlling the two motor generators, the above-
specified three objectives may not be achieved, or the control
operation of the motor generators become complicated. For
instance, in a system, which has two planetary gear mecha-
nisms, the above-specified three objectives may not be
achieved. Also, in a system, which has a single planetary gear
mechanism, the control operation of the motor generators
may become extremely complicated.

SUMMARY

The present disclosure is made in view of the above disad-
vantages. According to the present disclosure, there is pro-
vided a drive force output apparatus for a vehicle, including
an internal combustion engine, a plurality of motor genera-
tors, a drive force transmission arrangement, a battery, an
engine shaft demand motor generator torque computing sec-
tion, an output shaft demand motor generator torque comput-
ing section and a motor generator torque command value
computing section. The drive force transmission arrangement
includes at least one drive force dividing mechanism. An
engine shaft of the internal combustion engine, rotatable
shafts of the plurality of motor generators and a drive force
output shaft are interconnected with each other through the
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drive force transmission arrangement in a manner that
enables transmission of a drive force through the drive force
transmission arrangement, and the drive force output shaft is
connected to a plurality of wheels of the vehicle to transmit a
drive force. The battery is connected to the plurality of motor
generators to output and receive an electric power relative to
the plurality of motor generators. The engine shaft demand
motor generator torque computing section computes an
engine shaft demand motor generator torque, which is a
torque that is provided from the plurality of motor generators
and is required by the engine shaft of the internal combustion
engine to control a rotational speed of the internal combustion
engine. The output shaft demand motor generator torque
computing section computes an output shaft demand motor
generator torque, which is a torque that is provided from the
plurality of motor generators and is required by the drive
force output shaft to ensure supply of a required drive force of
the vehicle and to limit input and output of the battery. The
motor generator torque command value computing section
computes a torque command value of each of the plurality of
motor generators through use of an equation of torque equi-
librium, which corresponds to the drive force transmission
arrangement, based on the engine shaft demand motor gen-
erator torque and the output shaft demand motor generator
torque.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings described herein are for illustration purposes
only and are not intended to limit the scope of the present
disclosure in any way.

FIG. 11s aschematic diagram showing a structure of a drive
system of a vehicle according to a first embodiment of the
present disclosure;

FIG. 2 is a block diagram (part 1) showing a function of
computing a torque command value of each motor generator
according to the first embodiment;

FIG. 3 is a block diagram (part 2) showing the function of
computing the torque command value of each motor genera-
tor according to the first embodiment;

FIG. 4 is a flowchart showing a flow of an engine shaft
demand MG torque computation routine of the first embodi-
ment;

FIG. 5 is a flowchart showing a flow of an output shaft
demand MG torque computation routine of the first embodi-
ment;

FIG. 6 is a flowchart showing a drive source distribution
routine of the first embodiment;

FIG. 7 is a flowchart showing an output shaft torque limit
amount computation routine of the first embodiment;

FIG. 8 is a flowchart showing a mechanical brake coopera-
tive control routine of the first embodiment;

FIG. 9 is a flowchart showing a flow of an MG torque
command value computation routine of the first embodiment;

FIG. 10 is a schematic diagram showing a structure of a
drive force transmission arrangement and therearound
according to a second embodiment of the present disclosure;

FIG. 11 is a schematic diagram showing a structure of a
drive force transmission arrangement and therearound
according to a third embodiment of the present disclosure;

FIG. 12 is a schematic diagram showing a structure of a
drive force transmission arrangement and therearound
according to a fourth embodiment of the present disclosure;

FIG. 13 is a schematic diagram showing a structure of a
drive force transmission arrangement and therearound
according to a fifth embodiment of the present disclosure;
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FIG. 14 is a schematic diagram showing an example of a
structure of a drive force transmission arrangement and there-
around according to a sixth embodiment of the present dis-
closure;

FIG. 15 is a schematic diagram showing another example
of the structure of the drive force transmission arrangement
and therearound according to the sixth embodiment of the
present disclosure;

FIG. 16 is a block diagram showing a function of comput-
ing a torque command value of each MG according to the
sixth embodiment;

FIG. 17 is a schematic diagram showing an example of a
structure of a drive force transmission arrangement and there-
around according to a seventh embodiment of the present
disclosure;

FIG. 18 is a schematic diagram showing another example
of the structure of the drive force transmission arrangement
and therearound according to the seventh embodiment of the
present disclosure;

FIG. 19 is a schematic diagram showing a structure of a
drive force transmission arrangement and therearound
according to an eighth embodiment of the present disclosure;
and

FIG. 20 is a schematic diagram showing a structure of a
drive force transmission arrangement and therearound
according to a ninth embodiment of the present disclosure.

DETAILED DESCRIPTION

Various embodiments of the present disclosure will be
described with reference to the accompanying drawings.

First Embodiment

A first embodiment of the present disclosure will be
described with reference to FIGS. 1 t0 9.

First, an entire structure of a drive system (drive force
output apparatus) of a vehicle (more specifically, an automo-
bile) of the present embodiment will be described with refer-
ence to FIG. 1.

An internal combustion engine 10, a first motor generator
(hereinafter referred to as a first MG) 11, a second motor
generator (hereinafter referred to as a second MG) 12 and a
drive force transmission arrangement 15 are installed to the
vehicle. In the following description, the term of motor gen-
erator may be abbreviated as “MG” for the sake of simplicity.
The drive force transmission arrangement 15 includes a first
planetary gear mechanism (a drive-force dividing mecha-
nism) 13 and a second planetary gear mechanism (a drive-
force dividing mechanism) 14. The first MG 11 is mainly used
as an electric generator (power generator) but is also used as
an electric motor. In contrast, the second MG 12 is mainly
used as an electric motor but is also used as an electric gen-
erator (power generator).

Each of the first and second planetary gear mechanisms 13,
14 includes a sun gear S, a plurality of planetary gears, a
planetary carrier C and a ring gear R. In each planetary gear
mechanism 13, 14, the sun gear S rotates about a central axis
thereof, and each of the planetary gears rotates about a central
axis thereof and revolves around the sun gear S. Furthermore,
the planetary carrier C rotates integrally with the planetary
gears, and the ring gear R is placed on a radially outer side of
the planetary gears and rotates around the planetary gears.

In the drive force transmission arrangement 15, an engine
shaft 16 (an output shaft) of the engine 10 and the planetary
carrier C of the first planetary gear mechanism 13 are inter-
connected with each other in a manner that enables conduc-
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4

tion of the drive force therebetween. The sun gear S of the first
planetary gear mechanism 13, the sun gear S of the second
planetary gear mechanism 14 and a rotatable shaft 11a of the
first MG 11 are interconnected with each other in a manner
that enables conduction of the drive force therebetween. Fur-
thermore, the ring gear R of the first planetary gear mecha-
nism 13, the planetary carrier C of the second planetary gear
mechanism 14 and a drive force output shaft 17 are intercon-
nected with each other in a manner that enables conduction of
the drive force therebetween, and the ring gear R of the
second planetary gear mechanism 14 and a rotatable shaft 12a
of the second MG 12 are interconnected with each other in a
manner that enables conduction of the drive force therebe-
tween. The drive force of the drive force output shaft 17 is
conducted to wheels 20 of the vehicle through a differential
gear mechanism 18 and an axle 19.

Furthermore, a first inverter 21, which drives the first MG
11, and a second inverter 22, which drives the second MG 12,
are provided. The first MG 11 and the second MG 12 are
connected to a battery 23 through the inverters 21, 22, respec-
tively, to output and receive the electric power relative to the
battery 23, i.e., to output the electric power to and to receive
the electric power from the battery 23. Furthermore, the first
MG 11 and the second MG 12 are interconnected with each
other to output and receive the electric power therebetween
through the inverters 21, 22.

A hybrid ECU 24 is a computer, which controls the entire
vehicle. The hybrid ECU 24 receives output signals from
various sensors and switches to sense the driving state of the
vehicle. These sensors and switches include, for example, an
accelerator sensor 25, a shift switch 26, a brake sensor 27 and
a vehicle speed sensor 28. The accelerator sensor 25 senses a
degree of depression of an accelerator pedal (also referred to
as the amount of depression of the accelerator pedal or an
accelerator opening degree). The shift switch 26 senses a shift
position (an operational position of a shift lever). The brake
sensor 27 senses a degree of depression of a brake pedal (also
referred to as the amount of depression of the brake pedal or
a brake opening degree). The vehicle speed sensor 28 senses
atraveling speed of the vehicle. The hybrid ECU 24 transmits
and receives control signals and data signals relative to an
engine ECU 29, afirst MG ECU 30 and a second MG ECU 31.
The engine ECU 29 controls operation of the engine 10. The
first MG ECU 30 controls the first inverter 21 to control the
first MG 11. The second MG ECU 31 controls the second
inverter 22 to control the second MG 12. The engine ECU 29,
the first MG ECU 30 and the second MG ECU 31 control the
engine 10, the first MG 11 and the second MG 12, respec-
tively, based on the driving state (driving condition) of the
vehicle.

For example, at the time of driving the vehicle in the normal
drive mode, the drive force of the engine 10 is divided to two
systems, i.e., the rotatable shaft of the ring gear R and the
rotatable shaft of the sun gear S of the first planetary gear
mechanism 13. Also, at this time, the drive force of the rotat-
able shaft of the sun gear S of the first planetary gear mecha-
nism 13 is divided and conducted to the rotatable shaft of the
sun gear S of the second planetary gear mechanism 14 and the
first MG 11. In this way, the first MG 11 is driven to generate
the electric power. Also, at this time, the electric power, which
is generated by the first MG 11, is used to drive the second
MG 12, so that the drive force of the second MG 12 is
conducted to the rotatable shaft of the ring gear R of the
second planetary gear mechanism 14. The drive force of the
rotatable shaft of the ring gear R of the first planetary gear
mechanism 13 and the drive force of the rotatable shaft of the
planetary carrier C of the second planetary gear mechanism
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14 are both conducted to the drive force output shaft 17 to
drive the wheels 20 through the drive force output shaft 17
and thereby to drive the vehicle. Furthermore, at the time of
rapidly accelerating the vehicle, the electric power is supplied
from the battery 23 to the second MG 12 in addition to the
electric power generated at the first MG 11, so that the electric
power supplied to the second MG 12 for driving the same is
increased.

At the time of starting the traveling of the vehicle or at the
time of a low load driving state of the vehicle (an operational
range of the engine 10, in which a fuel efficiency is low), the
engine 10 is maintained in an engine stop state, and the first
MG 11 and/or the second MG 12 are driven with the electric
power supplied from the battery 23 to drive the wheels 20
with the drive forces of the first MG 11 and/or the second MG
12, so thatthe vehicle is driven in the EV drive mode (the drive
mode for driving the vehicle only with the electric motor
power provided by the first MG 11 and the second MG 12
powered by the battery output of the battery 23). At the time
of decelerating the vehicle, the second MG 12 is driven with
the drive force of the wheels 20, and thereby the second MG
12 is operated as the electric generator. Thus, the kinetic
energy of the vehicle is converted into the electric power
through the second MG 12, and the thus generated electric
power is stored in the battery 23. In this way, the kinetic
energy of the vehicle is recovered.

In the hybrid vehicle, which has the engine 10 and the two
MGs 11, 12, it is demanded to achieve three objectives, i.e.,
(1) controlling of the rotational speed of the engine, (2) con-
trolling of the output torque (i.e., the torque of the drive force
output shaft 17) and (3) limiting of the input and output of the
electric power at the battery 23, by controlling the two MGs
11, 12.

Therefore, according to the first embodiment, the respec-
tive routines of FIGS. 4 to 9, which will be described later, are
executed by the hybrid ECU 24. Specifically, the hybrid ECU
24 computes a torque (hereinafter referred to as an engine
shaft demand MG torque), which is required by the engine
shaft 16 and is provided from the first and second MGs 11, 12
to control the engine rotational speed, and a torque (herein-
after referred to as an output shaft demand MG torque), which
is required by the drive force output shaft 17 and is provided
from the first and second MGs 11, 12 to provide the required
drive force of the vehicle and to limit the input and output of
the electric power at the battery 23. Then, the hybrid ECU 24
computes a torque command value of the first MG 11 and a
torque command value of the second MG 12 by using an
equation of torque equilibrium (an equation (1) described
later), which corresponds to the drive force transmission
arrangement 15, based on the engine shaft demand MG
torque and the output shaft demand MG torque discussed
above. In this way, the torque command value of the first MG
11 and the torque command value of the second MG 12,
which are required to achieve the three objectives, i.e., the
controlling of the rotational speed of the engine, the control-
ling of the output torque and the limiting of the input and
output of the electric power at the battery, can be relatively
easily set, and thereby the torque of the first MG 11 and the
torque of the second MG 12 can be cooperatively controlled.

Now, with reference to a block diagram shown in FIGS. 2
and 3, a method of computing the torque command value of
the first MG 11 and the torque command value of the second
MG 12, will be schematically described.

As shown in FIG. 2, a target drive output shaft torque
computing unit 32 computes a target drive output shaft torque
based on, for example, the vehicle speed (the vehicle speed
sensed with the vehicle speed sensor 28), the degree of
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depression of the accelerator pedal (more specifically, infor-
mation, i.e., a corresponding value that directly or indirectly
indicates the degree of depression of the accelerator pedal
sensed with the accelerator sensor 25), the shift position (the
shift position sensed with the shift switch 26) and the degree
of depression of the brake pedal (more specifically, informa-
tion, i.e., a corresponding value that directly or indirectly
indicates the degree of depression of the brake pedal sensed
with the brake sensor 27), through use of, for example, a map.
The target drive output shaft torque is a target drive torque of
the drive force output shaft 17. The target drive output shaft
torque will be a positive value when the torque is exerted in a
driving direction of the drive force output shaft 17. In con-
trast, the target drive output shaft torque will be a negative
value when the torque is exerted in a braking direction of the
drive force output shaft 17.

Furthermore, a rotational speed computing unit 33 com-
putes a drive force output shaft rotational speed Np (a rota-
tional speed of the drive force output shaft 17) based on the
vehicle speed. Then, a target drive power computing unit 34
obtains a target drive power by multiplying the target drive
output shaft torque by the drive force output shaft rotational
speed Np.

Furthermore, a drive source distribution computing unit 35
computes a target engine output Ped of the engine 10 and a
target battery output Pbd of the battery 23 as follows. First of
all, at the drive source distribution computing unit 35, a total
vehicle losing power is computed based on, for example, the
target drive output shaft torque with reference to a map.
Thereafter, a total demand power Ptotal is computed by add-
ing the total vehicle losing power to the target drive power.
Furthermore, the target battery output Pbd is computed
according to the state of the vehicle. Then, the target engine
output Ped is computed by subtracting the target battery out-
put Pbd from the total demand power Ptotal.

Furthermore, a target engine rotational speed computing
unit (also simply referred to as a target engine speed comput-
ing unit) 36 computes a target engine rotational speed Ned of
the engine 10 (more specifically the engine shaft 16) based on
the target engine output Ped through use of, for example, a
map. Thereafter, a feedback (F/B) control unit 37 computes
an engine shaft demand MG torque Tem of the engine 10 ina
manner that reduces (or minimizes) a difference between the
target engine rotational speed Ned and an actual engine rota-
tional speed Ne of the engine 10 (more specifically the engine
shaft 16). In this way, the engine shaft demand MG torque
Tem, which is required to control the actual engine rotational
speed Ne to the target engine rotational speed Ned, can be
accurately computed. Thereafter, an actual engine output esti-
mating unit 38 computes an actual engine output Pe (estimate
value) of the engine 10 after execution of the F/B control
operation by multiplying the engine shaft demand MG torque
Tem by the actual engine rotational speed Ne.

Furthermore, a mechanical brake torque computing unit 39
computes a mechanical brake torque (or simply referred to as
a brake torque) based on, for example, the vehicle speed
and/or the degree of depression of the brake pedal (more
specifically, the information that directly or indirectly indi-
cates the degree of depression of the brake pedal) through use
of, for example, a map. Thereafter, an output shaft demand
torque computing unit 40 computes an output shaft demand
torque Tp by subtracting the mechanical brake torque from
the target drive output shaft torque. In this way, the output
shaft demand torque Tp, which is a torque required by the
drive force output shaft 17 to ensure supply of arequired drive
force of the vehicle, can be accurately computed. Further-
more, an electric system loss computing unit 41 computes an
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electric system loss of, for example, the first and second MGs
11, 12, the first and second inverters 21, 22 and the battery 23
in conformity with the state of the vehicle.

Furthermore, a battery output estimate value computing
unit42 computes a battery output estimate value Pb by adding
the electric system loss and a difference (i.e., Ped-Pe)
between the target engine output Ped and the actual engine
output Pe to the target battery output Pbd. The battery output
estimate value Pb is an output estimate value of the battery 23.

Also, a battery limiting unit 43 computes an output shaft
power limit amount Ppg as follows. First of all, a battery
output limit value, which is an output limit value of the battery
23, is computed based on a state of the battery 23 (e.g., a
charge state and/or a temperature of the battery 23) through
use of, for example, a map. In this case, a discharging-side
output limit value (a positive value) and a charging-side out-
put limit value (a negative value) are computed as the battery
output limit values. Then, an excess amount of the battery
output estimative value Pb relative to the battery output limit
value (the discharging-side output limit value or the charging-
side output limit value) is computed as the output shaft power
limit amount Ppg.

Thereafter, an output shaft torque limit amount computing
unit 44 computes an output shaft torque limit amount Tpg by
dividing the output shaft power limit amount Ppg by the drive
force output shaft rotational speed Np. In this way, the output
shaft torque limit amount Tpg, which is a torque limit amount
of the drive force output shaft 17 and is required to limit the
input and output of the electric power to the battery 23, can be
accurately computed. Then, an output shaft demand MG
torque computing unit 45 computes an output shaft demand
MG torque Tpm by subtracting the output shaft torque limit
amount Tpg from the output shaft demand torque Tp. In this
way, the output shaft demand MG torque Tpm, which is
required to limit the input and output of the electric power to
the battery 23, is accurately computed while providing the
required drive force of the vehicle.

Furthermore, in a case where the output shaft torque limit
amount Tpg is smaller than zero (i.e., Tpg<0), a mechanical
brake torque correcting unit 46 computes a command
mechanical brake torque by adding the output shaft torque
limit amount Tpg to the mechanical brake torque. When the
output shaft torque limit amount Tpg is equal to or larger than
zero ((Tpg=0), the mechanical brake torque correcting unit 46
sets the command mechanical torque to the value of the
mechanical torque. The mechanical brake is controlled based
on this command mechanical brake torque.

After the computation of the engine shaft demand MG
torque Tem and the output shaft demand MG torque Tpm, in
a case where it is determined that the vehicle is not in the EV
drive mode through a switch unit (serving as a setting section)
47 based on an EV drive flag, and it is determined that the
engine 10 is not in a cranking state, i.e., an engine starting
state, in which the engine 10 is cranking, through a switch unit
(serving as a setting section) 48 based on a cranking flag, the
engine shaft demand MG torque Tem, which is computed at
the F/B control unit 37, is directly used.

In contrast, when it is determined that the vehicle is in the
EV drive mode through the switch unit 47, the engine shaft
demand MG torque Tem is set to zero (i.e., Tem=0) at the
switch unit 47. In this way, at the time of driving the vehicle
in the EV drive mode, it is possible to limit an increase in the
loss caused by the driving of the engine 10, which is in the
engine stop state (combustion stop state), by the drive force
provided by the first and second MGs 11, 12.

Furthermore, in the case where it is determined that the
engine 10 is in the cranking state, i.e., the engine starting state
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through the switch unit 48, the engine shaft demand MG
torque Tem is set to a value of a cranking torque Tcr (i.e.,
Tem=Tcr) at the switch unit 48. This cranking torque (also
referred to as a required cranking torque) Tcr is a torque
required for the cranking of the engine 10. A cranking torque
computing unit 49 computes the cranking torque Tcr based on
the actual engine rotational speed Ne through use of, for
example, a map. Thereby, the engine 10 can be reliably started
by cranking the engine with the drive force provided by the
first and second MGs 11, 12.

Thereafter, an MG torque command value computing unit
50 computes the torque command value Tmg]1 of the first MG
11 and the torque command value Tmg2 of the second MG 12
through use of the equation of torque equilibrium, which
corresponds to the drive force transmission arrangement 15,
based on the engine shaft demand MG torque Tem and the
output shaft demand MG torque Tpm.

In this instance, the following equation (1) is used as the
equation of torque equilibrium, which corresponds to the
drive force transmission arrangement 15.

—(pl + plp2 + p2) -p2(1 +pl) Equation (1)
Tmgl (1+pD1+p2)  (1+pD1+p2) |[ Tem
[ngz}‘ -1 -(1+pl) [Tpm}

I+pD(1+p2)  (1+pD(1+p2)

Here, p1 denotes a planetary ratio (a ratio between the
number of the teeth of the sun gear S and the number of the
teeth of the ring gear R) of the first planetary gear mechanism
13, and p2 denotes a planetary ratio (a ratio between the
number of the teeth of the sun gear S and the number of the
teeth of the ring gear R) of the second planetary gear mecha-
nism 14.

The torque of the first MG 11 and the torque of the second
MG 12 are controlled based on the torque command value
Tmg1 ofthe first MG 11 and the torque command value Tmg2
of'the second MG 12, respectively.

In the present embodiment, the computation of the torque
command values of the first and second MGs 11, 12 is
executed by the hybrid ECU 24 according to the respective
routines shown in FIGS. 410 9. The procedure of each of these
routines will now be described in detail.

An engine shaft demand MG torque computation routine
of FIG. 4 is executed repeatedly at predetermined time inter-
vals during a power source ON time period ofthe hybrid ECU
24 (a time period, during which an electric power source of
the hybrid ECU 24 is turned on) and serves as an engine shaft
demand motor generator torque computing section (an engine
shaft demand motor generator torque computing means) of
the hybrid ECU 24. When the present routine is started, the
operation proceeds to step 101. At step 101, it is determined
whether the engine 10 is in the cranking state (the engine
starting state). When it is determined that the engine 10 is not
in the cranking state (the engine starting state) at step 101, the
operation proceeds to step 102. At step 102, it is determined
whether the vehicle is in the EV drive mode.

When it is determined that the vehicle is notin the EV drive
mode at step 102, the operation proceeds to step 103. At step
103, the target engine rotational speed Ned is computed based
on the target engine output Ped with reference to the map of
the target engine rotational speed Ned. The map of the target
engine rotational speed Ned is formed in advance based on,
for example, the test data and/or the design data and is stored
in the ROM of the hybrid ECU 24.
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Thereafter, the operation proceeds to step 104. At step 104,
the actual engine rotational speed Ne, which is sensed with
the engine rotational speed sensor (not shown), is obtained.
Then, the operation proceeds to step 105. At step 105, a
difference dNe between the target engine rotational speed
Ned and the actual engine rotational speed Ne is computed.

dNe=Ned—-Ne

Thereafter, the operation proceeds to step 106. At step 106,
a proportional Tep of the F/B control operation is computed
through use of the following equation based on the difference
dNe and a proportional gain Kp.

Tep=KpxdNe

Thereafter, the operation proceeds to step 107. At step 107,
an integral Tei of the F/B control operation is computed
through use of the following equation based on the difference
dNe and an integral gain Ki.

Tei=Kix[dNe

Thereafter, the operation proceeds to step 108. At step 108,
the engine shaft demand MG torque Tem is computed through
use of the following equation based on the proportional Tep
and the integral Tei.

Tem=Tep+Tei

When it is determined that the engine 10 is in the cranking
state at step 101, the operation proceeds to step 109. At step
109, the actual engine rotational speed Ne, which is sensed
with the engine rotational speed sensor (not shown), is
obtained. Thereafter, the operation proceeds to step 110. At
step 110, the cranking torque Ter (the torque required to crank
the engine 10) is computed based on the actual engine rota-
tional speed Ne with reference to a map of the cranking torque
Ter. The map of the cranking torque Ter is formed in advance
based on, for example, the test data and/or the design data and
is stored in the ROM of the hybrid ECU 24.

Thereafter, the operation proceeds to step 111. At step 111,
the engine shaft demand MG torque Tem is set to the value of
the cranking torque Tcr.

Tem=Tcr

Furthermore, at step 102, when it is determined that the
vehicleis inthe EV drive mode, the operation proceeds to step
112. At step 112, the engine shaft demand MG torque Tem is
set to zero (0).

Tem=0

An output shaft demand MG torque computation routine of
FIG. 5 is executed repeatedly at predetermined time intervals
during the power source ON time period of the hybrid ECU 24
and serves as an output shaft demand motor generator torque
computing section (an output shaft demand motor generator
torque computing means) of the hybrid ECU 24. When the
present routine is started, at step 201, the target drive output
shaft torque is computed based on, for example, the vehicle
speed, the degree of depression ofthe accelerator pedal (more
specifically, the information that directly or indirectly indi-
cates the degree of depression of the accelerator pedal), the
shift position and the degree of depression of the brake pedal
(more specifically, the information that directly or indirectly
indicates the degree of depression of the brake pedal) in view
of the map of the target drive output shaft torque. The target
drive output shaft torque will be the positive value when the
torque is exerted in the driving direction of the drive force
output shaft 17. In contrast, the target drive output shaft
torque will be the negative value when the torque is exerted in
the braking direction of the drive force output shaft 17. The
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map of the target drive output shaft torque is formed in
advance based on, for example, the test data and/or the design
data and is stored in the ROM of the hybrid ECU 24.

Thereafter, the operation proceeds to step 202. At step 202,
the mechanical brake torque is computed based on, for
example, the vehicle speed and the degree of depression of the
brake pedal (more specifically, the information that directly
or indirectly indicates the degree of depression of the brake
pedal) with reference to the map of the mechanical brake
torque. The map of the mechanical brake torque is formed in
advance based on, for example, the test data and/or the design
data and is stored in the ROM of the hybrid ECU 24.

Thereafter, the operation proceeds to step 203. At step 203,
the output shaft demand torque Tp is computed by subtracting
the mechanical brake torque from the target drive output shaft
torque.

Ip=Target drive output shaft torque—Mechanical
brake torque

Then, the operation proceeds to step 204. At step 204, a
drive source distribution routine of FIG. 6 described later is
executed to compute the target battery output Pbd and the
target engine output Ped.

Thereafter, the operation proceeds to step 205. At step 205,
the actual engine output Pe (the estimate value) after the
feedback control operation is computed by multiplying the
engine shaft demand MG torque Tem by the actual engine
rotational speed Ne.

Pe=TemxNe

Then, the operation proceeds to step 206. At step 206, the
electric system loss of, for example, the first and second MGs
11, 12, the first and second inverters 21, 22 and the battery 23
in conformity with the state of the vehicle, is computed with
reference to the map of the electric system loss. The map of
the electric system loss is formed in advance based on, for
example, the test data and/or the design data and is stored in
the ROM of the hybrid ECU 24.

Then, the operation proceeds to step 207. At step 207, the
battery output estimate value Pb is computed by adding the
electric system loss and the difference (i.e., Ped—Pe) between
the target engine output Ped and the actual engine output Pe to
the target battery output Pbd.

Pb=Pbd+(Ped-Pe)+Electric system loss

Thereafter, the operation proceeds to step 208. At step 208,
the battery output limit value is computed based on the charge
state and/or the temperature of the battery 23 with reference to
the map of the battery output limit value. In this case, the
discharging-side output limit value (the positive value) and
the charging-side output limit value (the negative value) are
computed as the battery output limit values. The map of the
battery output limit value is formed in advance based on, for
example, the test data and/or the design data and is stored in
the ROM of the hybrid ECU 24.

Thereafter, the operation proceeds to step 209. At step 209,
the output shaft torque limit amount Tpg is computed by
executing an output shaft torque limit amount computation
routine of FIG. 7 described later.

Then, the operation proceeds to step 210. At step 210, the
output shaft demand MG torque Tpm is computed by sub-
tracting the output shaft torque limit amount Tpg from the
output shaft demand torque Tp.

Tpm=1Ip-Tpg

The drive source distribution routine of FIG. 6 (serving as
a drive source distributing section of the hybrid ECU 24) is a
sub-routine executed at step 204 of the output shaft demand
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MG torque computation routine of FIG. 5. When the present
routine is started, the operation proceeds to step 301. At step
301, the target drive power is computed by multiplying the
target drive output shaft torque by the drive force output shaft
rotational speed Np (the rotational speed of the drive force
output shaft 17), which is obtained based on the vehicle
speed.

Target drive power=Target drive output shaft torquex
Np

Thereafter, the operation proceeds to step 302. At step 302,
the total vehicle losing power is computed based on, for
example, the vehicle speed and the target drive output shaft
torque with reference to the map of the total vehicle losing
power. The map of the total vehicle losing power is formed in
advance based on, for example, the test data and/or the design
data and is stored in the ROM of the hybrid ECU 24.

Thereafter, the operation proceeds to step 303. At step 303,
the total demand power Ptotal is computed by adding the total
vehicle losing power to the target drive power.

Ptotal=Target drive power+Total vehicle losing power

Then, the operation proceeds to step 304. At step 304, the
target battery output Pbd is computed based on the vehicle
state. In this case, for example, at the time of driving the
vehicle in the EV drive mode, the target battery output Pbd is
set to the value of the total demand power Ptotal. Further-
more, at the time of assisting the acceleration of the vehicle,
the target battery output Pbd is setto a predetermined value P1
(0<P1<Ptotal). Furthermore, at the time of charging the bat-
tery, the target battery output Pbd is set to a predetermined
value P2 (P2<0).

Thereafter, the operation proceeds to step 305. At step 305,
the target engine output Ped is computed by subtracting the
target battery output Pbd from the total demand power Ptotal.

Ped=Ptotal-Pbd

The output shaft torque limit amount computation routine
of FIG. 7 (serving as an output shaft torque limit amount
computing section of the hybrid ECU 24) is a sub-routine
executed at step 209 of the output shaft demand MG torque
computation routine of FIG. 5. When the present routine is
started, the operation proceeds to step 401. At step 401, it is
determined whether the battery output estimate value Pb is
smaller than the discharging-side output limit value. When it
is determined that the battery output estimate value Pb is
smaller than the discharging-side output limit value at step
401, the operation proceeds to step 402. At step 402, it is
determined whether the battery output estimate value Pb is
larger than the charging-side output limit value.

In the case where it is determined that the battery output
estimate value Pb is smaller than the discharging-side output
limit value at step 401, and it is determined that the battery
output estimate value Pb is larger than the charging-side
output limit value at step 402, the operation proceeds to step
403. At step 403, the output shaft torque limit amount Tpg is
set to zero (0).

Tpg=0
In contrast, when it is determined that the battery output
estimate value Pb is equal to or larger than the discharging-
side output limit value at step 401, the operation proceeds to
step 404. At step 404, the output shaft power limit amount Ppg
is computed by subtracting the discharging-side output limit
value from the battery output estimate value Pb.

Ppg=Pb-Discharging-side output limit value
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Thereafter, the operation proceeds to step 405. At step 405,
the output shaft torque limit amount Tpg is computed by
dividing the output shaft power limit amount Ppg by the drive
force output shaft rotational speed Np.

Tpg=Fpg/Np

In contrast, when it is determined that the battery output
estimate value Pb is equal to or smaller than the charging-side
output limit value at step 402, the operation proceeds to step
406. At step 406, the output shaft power limit amount Ppg is
computed by subtracting the charging-side output limit value
from the battery output estimate value Pb.

Ppg=Pb-Charging-side output limit value

Thereafter, the operation proceeds to step 407. At step 407,
the output shaft torque limit amount Tpg is computed by
dividing the output shaft power limit amount Ppg by the drive
force output shaft rotational speed Np.

Tpg=Fpg/Np

A mechanical brake cooperative control routine of FIG. 8
(serving as a mechanical brake cooperative controlling sec-
tion of the hybrid ECU 24) is repeatedly executed during the
power source ON time period of the hybrid ECU 24. When the
present routine is started, the operation proceeds to step 501.
At step 501, the mechanical brake torque is computed based
on, for example, the vehicle speed and the degree of depres-
sion of the brake pedal (more specifically, the information
that directly or indirectly indicates the degree of depression of
the brake pedal) with reference to the map of the mechanical
brake torque. The map of the mechanical brake torque is
formed in advance based on, for example, the test data and/or
the design data and is stored in the ROM of the hybrid ECU
24.

Thereafter, the operation proceeds to step 502. At step 502,
it is determined whether the output shaft torque limit amount
Tpgis smaller than zero. When it is determined that the output
shaft torque limit amount Tpg is smaller than zero at step 502,
the operation proceeds to step 503. At step 503, the command
mechanical brake torque is computed by adding the output
shaft torque limit amount Tpg to the mechanical brake torque.

Command mechanical brake torque=Mechanical
brake torque+7pg

When it is determined that the output shaft torque limit
amount Tpg is equal to or larger than zero at step 502, the
operation proceeds to step 504. At step 504, the command
mechanical brake torque is set (computed) to the value of the
mechanical brake torque.

Command mechanical brake torque=Mechanical
brake torque

An MG torque command value computation routine of
FIG. 9 is executed repeatedly at predetermined time intervals
during the power source ON time period of the hybrid ECU 24
and serves as a motor generator torque command value com-
puting section (a motor generator torque command value
computing means) of the hybrid ECU 24. When the present
routine is started, the operation proceeds to step 601. At step
601, the engine shaft demand MG torque Tem, which is
computed at the engine shaft demand MG torque computa-
tion routine of FIG. 4, is retrieved, i.e., obtained. Then, the
operation proceeds to step 602. At step 602, the output shaft
demand MG torque Tpm, which is computed at the output
shaft demand MG torque computation routine of FIG. 5, is
retrieved, i.e., is obtained.

Thereafter, the operation proceeds to step 603. At step 603,
the torque command value Tmg1 of the first MG 11 and the
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torque command value Tmg2 of the second MG 12 are com-
puted through use of the above equation (1) based on the
engine shaft demand MG torque Tem and the output shaft
demand MG torque Tpm. As noted above, the above equation
(1) is the equation of torque equilibrium, which corresponds
to the drive force transmission arrangement 15.

In the first embodiment described above, first of all, the
engine shaft demand MG torque and the output shaft demand
MG torque are computed. The engine shaft demand MG
torque is the torque required by the engine shaft 16 and is
provided from the first and second MGs 11, 12 to control the
engine rotational speed. The output shaft demand MG torque
is the torque required by the drive force output shaft 17 and is
provided from the first and second MGs 11, 12 to limit the
input and output of the electric power at the battery 23. Then,
the torque command value of the first MG 11 and the torque
command value of the second MG 12 are computed through
use of the equation of torque equilibrium, which corresponds
to the drive force transmission arrangement 15, based on the
engine shaft demand MG torque and the output shaft demand
MG torque. Therefore, it is possible to easily set the torque
command value of the first MG 11 and the torque command
value of the second MG 12, which are required to achieve the
three objectives, i.e., the controlling of the rotational speed of
the engine, the controlling of the output torque and the lim-
iting of the input and output of the electric power at the battery
23, so that the torques of the first and second MGs 11, 12 can
be cooperatively controlled. Thereby, the three objectives,
i.e., the controlling of the rotational speed of the engine, the
controlling of the output torque and the limiting of the input
and output of the electric power at the battery 23 can be
achieved without complicating the control operation of the
first and second MGs 11, 12.

Furthermore, in the first embodiment, the planetary gear
mechanisms 13, 14 are used as the drive-force dividing
mechanisms of the drive force transmission arrangement 15.
Therefore, the structure of the drive force transmission
arrangement 15 is simplified to enable the low costs.

The positional relationship of each of the sun gear S, the
ring gear R and the planetary carrier C of each planetary gear
mechanism relative to the corresponding shaft (the corre-
sponding one of the engine shaft, the drive force output shaft
and the rotatable shaft of the MG) is not limited to the one
shown in FIG. 1. That is, the combination of each shaft (each
of the engine shaft, the drive force output shaft and the rotat-
able shaft of the MG) and the corresponding one of the sun
gear S, the ring gear R and the planetary carrier C of the
corresponding planetary gear mechanism is not limited to the
one shown in FIG. 1 and may be modified in any appropriate
manner within the principle of the present disclosure.

Next, second to ninth embodiments of the present disclo-
sure will be described with reference to FIGS. 10 to 20. In the
following description, components, which are similar to
those of the first embodiment, will be indicated by the same
reference numerals and will not be described redundantly for
the sake of simplicity.

Second Embodiment

In a second embodiment of the present disclosure, as
shown in FIG. 10, the drive force transmission arrangement
51 is constructed as follows. That is, the engine shaft 16, the
planetary carrier C of the first planetary gear mechanism 13
and the sun gear S of the second planetary gear mechanism 14
are interconnected with each other in a manner that enables
conduction of the drive force therebetween. The ring gear R
of the first planetary gear mechanism 13 and the rotatable
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shaft 11a of the first MG 11 are interconnected with each
other in a manner that enables conduction of the drive force
therebetween. Furthermore, the sun gear S of the first plan-
etary gear mechanism 13, the planetary carrier C of the sec-
ond planetary gear mechanism 14 and the drive force output
shaft 17 are interconnected with each other in a manner that
enables conduction of the drive force therebetween. The ring
gear R of the second planetary gear mechanism 14 and the
rotatable shaft 12a of the second MG 12 are interconnected
with each other in a manner that enables conduction of the
drive force therebetween.

In the second embodiment, at the time of computing the
torque command value Tmgl of the first MG 11 and the
torque command value Tmg2 of the second MG 12 through
use of the equation of torque equilibrium, which corresponds
to the drive force transmission arrangement 51, based on the
engine shaft demand MG torque Tem and the output shaft
demand MG torque Tpm, the hybrid ECU 24 uses the follow-
ing equation (2) as the equation of torque equilibrium, which
corresponds to the drive force transmission arrangement 51.

—pl(1 + p2) —-plp2 Equation (2)
Tmgl 1+pl+plp2 1+pl+plp2 |[ Tem
[ngz}z -1 ~1-pl [Tpm]
1+pl+plp2 1+4+pl+plp2

The positional relationship of each of the sun gear S, the
ring gear R and the planetary carrier C of each planetary gear
mechanism relative to the corresponding shaft (the corre-
sponding one of the engine shaft, the drive force output shaft
and the rotatable shaft of the MG) is not limited to the one
shown in FIG. 10. That is, the combination of each corre-
sponding shaft (each of the engine shaft, the drive force
output shaft and the rotatable shaft of the MG) and the cor-
responding one of the sun gear S, the ring gear R and the
planetary carrier C of the corresponding planetary gear
mechanism is not limited to the one shown in FIG. 10 and may
be modified in any appropriate manner within the principle of
the present disclosure.

Third Embodiment

In a third embodiment of the present disclosure, as shown
in FIG. 11, the drive force transmission arrangement 52 is
constructed as follows. That is, the engine shaft 16 and the
planetary carrier C of the first planetary gear mechanism 13
are interconnected with each other in a manner that enables
conduction of the drive force therebetween. The sun gear S of
the first planetary gear mechanism 13 and the rotatable shaft
11a of the first MG 11 are interconnected with each other in
a manner that enables conduction of the drive force therebe-
tween. Furthermore, the ring gear R of the first planetary gear
mechanism 13, the rotatable shaft 12a of the second MG 12
and the drive force output shaft 17 are interconnected with
each other in a manner that enables conduction of the drive
force therebetween.

In the third embodiment, at the time of computing the
torque command value Tmgl of the first MG 11 and the
torque command value Tmg2 of the second MG 12 through
use of the equation of torque equilibrium, which corresponds
to the drive force transmission arrangement 52, based on the
engine shaft demand MG torque Tem and the output shaft
demand MG torque Tpm, the hybrid ECU 24 uses the follow-
ing equation (3) as the equation of torque equilibrium, which
corresponds to the drive force transmission arrangement 52.
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il
[ngl} L+p [Tem}
1

Equation (3)

Tmg2 | | -1 Tpm

1+p

The positional relationship of each of the sun gear S, the
ring gear R and the planetary carrier C of the planetary gear
mechanism relative to the corresponding shaft (the corre-
sponding one of the engine shaft, the drive force output shaft
and the rotatable shaft of the MG) is not limited to the one
shown in FIG. 11. That is, the combination of each shaft (each
of the engine shaft, the drive force output shaft and the rotat-
able shaft of the MG) and the corresponding one of the sun
gear S, the ring gear R and the planetary carrier C of the
planetary gear mechanism is not limited to the one shown in
FIG. 11 and may be modified in any appropriate manner
within the principle of the present disclosure.

Fourth Embodiment

In a fourth embodiment of the present disclosure, as shown
in FIG. 12, the drive force transmission arrangement 53 is
constructed as follows. That is, the engine shaft 16, the rotat-
able shaft 11a ofthe first MG 11 and the ring gear R ofthe first
planetary gear mechanism 13 are interconnected with each
other in a manner that enables conduction of the drive force
therebetween. The sun gear S of the first planetary gear
mechanism 13 and the rotatable shaft 124 of the second MG
12 are interconnected with each other ina manner that enables
conduction of the drive force therebetween. Furthermore, the
planetary carrier C of the first planetary gear mechanism 13
and the drive force output shaft 17 are interconnected with
each other in a manner that enables conduction of the drive
force therebetween.

The positional relationship of each of the sun gear S, the
ring gear R and the planetary carrier C of the planetary gear
mechanism relative to the corresponding shaft (the corre-
sponding one of the engine shaft, the drive force output shaft
and the rotatable shaft of the MG) is not limited to the one
shown in FIG. 12. That is, the combination of each shaft (each
of the engine shaft, the drive force output shaft and the rotat-
able shaft of the MG) and the corresponding one of the sun
gear S, the ring gear R and the planetary carrier C of the
planetary gear mechanism is not limited to the one shown in
FIG. 12 and may be modified in any appropriate manner
within the principle of the present disclosure.

Fifth Embodiment

In a fifth embodiment ofthe present disclosure, as shown in
FIG. 13, the drive force transmission arrangement 54 is con-
structed as follows. That is, the engine shaft 16 and the plan-
etary carrier C of the first planetary gear mechanism 13 are
interconnected with each other in a manner that enables con-
duction of the drive force therebetween. The sun gear S of the
first planetary gear mechanism 13 and the rotatable shaft 11a
of the first MG 11 are interconnected with each other in a
manner that enables conduction of the drive force therebe-
tween. Furthermore, the ring gear R of the first planetary gear
mechanism 13 and the ring gear R of the second planetary
gear mechanism 14 are interconnected with each other in a
manner that enables conduction of the drive force therebe-
tween. The planetary carrier C of the second planetary gear
mechanism 14 and the rotatable shaft 12a of the second MG
12 are interconnected with each other in a manner that enables
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conduction of the drive force therebetween. Furthermore, the
sun gear S of the second planetary gear mechanism 14 and the
drive force output shaft 17 are interconnected with each other
in a manner that enables conduction of the drive force ther-
ebetween.

The positional relationship of each of the sun gear S, the
ring gear R and the planetary carrier C of each planetary gear
mechanism relative to the corresponding shaft (the corre-
sponding one of the engine shaft, the drive force output shaft
and the rotatable shaft of the MG) is not limited to the one
shown in FIG. 13. That is, the combination of each shaft (each
of the engine shaft, the drive force output shaft and the rotat-
able shaft of the MG) and the corresponding one of the sun
gear S, the ring gear R and the planetary carrier C of the
corresponding planetary gear mechanism is not limited to the
one shown in FIG. 13 and may be modified in any appropriate
manner within the principle of the present disclosure.

Even in the second to fifth embodiments discussed above,
the hybrid ECU 24 computes the torque command value of
the first MG 11 and the torque command value of the second
MG 12 through use of the equation of torque equilibrium,
which corresponds to the drive force transmission arrange-
ment, based on the engine shaft demand MG torque and the
output shaft demand MG torque. Thereby, the three objec-
tives, i.e., the controlling of the rotational speed of the engine,
the controlling of the output torque and the limiting of the
input and output of the electric power at the battery can be
achieved without complicating the control operation of the
first and second MGs 11, 12.

Sixth Embodiment

In a sixth embodiment of the present disclosure, as shown
in FIG. 14, the drive force transmission arrangement 55 is
constructed as follows. That is, a brake 56 is provided to the
engine shaft 16, and the rest of the structure of the drive force
transmission arrangement 55 is similar to the drive force
transmission arrangement 15 (see FIG. 1) of the first embodi-
ment. Alternatively, as shown in FIG. 15, the drive force
transmission arrangement 57 may be constructed as follows.
That is, a stationary-end-coupled one-way clutch 58, which is
coupled to a predetermined stationary end (e.g., the housing
of the drive force transmission arrangement 57), is provided
to the engine shaft 16.

In the sixth embodiment, with reference to FIG. 16, after
the computation of the engine shaft demand MG torque Tem
and the output shaft demand MG torque Tpm in a manner
similar to that of the first embodiment (see FIG. 2), in a case
where it is determined that the brake 56 or the stationary-end-
coupled one-way clutch 58 is in a decoupled state (the brake
56 or the stationary-end-coupled one-way clutch 58 being
switched to the side, at which the transmission of the drive
force through the brake 56 or the stationary-end-coupled
one-way clutch 58 is not limited) through the switch unit
(serving as a setting section) 59, and it is determined that the
engine 10 is not in the cranking state (the engine starting state,
in which the engine 10 is cranking) through the switch unit
(serving as the setting section) 48, the engine shaft demand
MG torque Tem, which is computed at the F/B control unit 37
(see FIG. 2), is directly used. Thereby, the engine shaft
demand MG torque Tem is computed in a manner that reduces
(or minimizes) a difference between the target engine rota-
tional speed and the actual engine rotational speed. In this
way, in the case where it is determined that the brake 56 or the
stationary-end-coupled one-way clutch 58 is in the decoupled
state, the engine shaft demand MG torque Tem, which is
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required to control the actual engine rotational speed to the
target engine rotational speed, can be accurately set.

In contrast, in the case where it is determined that the brake
56 or the stationary-end-coupled one-way clutch 58 is in the
coupled state (the state where the rotation of the engine shaft
16 is prevented through the brake 56 or the stationary-end-
coupled one-way clutch 58) through the switch unit 59, the
engine shaft demand MG torque Tem is set to a predetermined
torque at the switch unit 59.

In such a case, for instance, O (zero) may be used as the
predetermined torque to set the engine shaft demand MG
torque Tem to zero (i.e., Tem=0). In this way, in the coupled
state of the brake 56 or the stationary-end-coupled one-way
clutch 58, it is possible to limit application of an excessive
load to the engine shaft 16, to which the brake 56 or the
stationary-end-coupled one-way clutch 58 is provided.

Alternatively, a constant (a target urging torque), which is
other than 0 (zero), may be used as the predetermined torque
to set the engine shaft demand MG torque Tem to the constant
(the target urging torque), which is other than 0 (zero). In this
way, in the coupled state of the brake 56 or the stationary-
end-coupled one-way clutch 58, the appropriate urging
torque is applied to the engine shaft 16, to which the brake 56
or the stationary-end-coupled one-way clutch 58 is provided,
so that generation of rotational vibration is limited.

Also, the engine shaft demand MG torque Tem may be set
to a value (predetermined torque) computed by a target torque
computing unit 60 through use of the following equation (4).
The following equation (4) is the equation of torque equilib-
rium that is designed for the case where the engine shaft 16, to
which the brake 56 or the stationary-end-coupled one-way
clutch 58 is provided, serves as the stationary end.

_ U+p)K-p2)
T pl+plp2+p2-K

Equation (4)

In the above equation (4), K denotes a distribution coeffi-
cient of the toque for the first MG 11 and the second MG 12.

In this way, the operational efficiencies of the first MG 11
and the second MG 12 can be improved by manipulating the
working points of the first MG 11 and the second MG 12
through the manipulation of the distribution coefficient K.

The positional relationship of each of the sun gear S, the
ring gear R and the planetary carrier C of each planetary gear
mechanism relative to the corresponding shaft (the corre-
sponding one of the engine shaft, the drive force output shaft
and the rotatable shaft of the MG) is not limited to the one
shown in FIG. 14 or FIG. 15. That is, the combination of each
shaft (each of the engine shaft, the drive force output shaft and
the rotatable shaft of the MG) and the corresponding one of
the sun gear S, the ring gear R and the planetary carrier C of
the corresponding planetary gear mechanism is not limited to
the one shown in FIG. 14 or FIG. 15 and may be modified in
any appropriate manner within the principle of the present
disclosure.

Seventh Embodiment

In a seventh embodiment of the present disclosure, as
shown in FIG. 17, the drive force transmission arrangement
61 is constructed as follows. Thatis, a clutch 62 is provided to
the engine shaft 16 to connect or disconnect the engine 10
relative to the planetary carrier C of the first planetary gear
mechanism 13 through coupling or decoupling, respectively,
of'the clutch 62, and the rest of the structure of the drive force
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transmission arrangement 61 is similar to the drive force
transmission arrangement 15 (see FIG. 1) of the first embodi-
ment. Alternatively, as shown in FIG. 18, the drive force
transmission arrangement 63 may be constructed as follows.
That is, a one-way clutch 64 is provided to the engine shaft 16
to connect or disconnect the engine 10 relative to the plan-
etary carrier C of the first planetary gear mechanism 13
through coupling or decoupling, respectively, of the one-way
clutch 64.

In the seventh embodiment, after the computation of the
engine shaft demand MG torque Tem and the output shaft
demand MG torque Tpm in a manner similar to that of the first
embodiment (see FIG. 2), in a case where it is determined that
the clutch 62 or the one-way clutch 64 is in a coupled state (the
clutch 62 or the one-way clutch 64 being switched to the side,
at which the transmission of the drive force is not limited),
and it is determined that the engine 10 is not in the cranking
state (the engine starting state), the engine shaft demand MG
torque Tem, which is computed at the F/B control unit 37 (see
FIG. 2), is directly used. Thereby, the engine shaft demand
MG torque Tem is computed in a manner that reduces (or
minimizes) a difference between the target engine rotational
speed and the actual engine rotational speed. In this way, in
the case where the clutch 62 or the one-way clutch 64 is in the
coupled state, the engine shaft demand MG torque Tem,
which is required to control the actual engine rotational speed
to the target engine rotational speed, can be accurately set.

In contrast, when it is determined that the clutch 62 or the
one-way clutch 64 is in the decoupled state (the state of
disabling the transmission of the drive force), the engine shaft
demand MG torque Tem is set to zero (i.e., Tem=0). In this
way, when the clutch 62 or the one-way clutch 64 is in the
decoupled state, it is possible to limit the unnecessary free
rotation of the clutch 62 or the one-way clutch 64 and thereby
to limit the occurrence of the unnecessary loss.

The positional relationship of each of the sun gear S, the
ring gear R and the planetary carrier C of each planetary gear
mechanism relative to the corresponding shaft (the corre-
sponding one of the engine shaft, the drive force output shaft
and the rotatable shaft of the MG) is not limited to the one
shown in FIG. 17 or FIG. 18. That is, the combination of each
shaft (each of the engine shaft, the drive force output shaft and
the rotatable shaft of the MG) and the corresponding one of
the sun gear S, the ring gear R and the planetary carrier C of
the corresponding planetary gear mechanism is not limited to
the one shown in FIG. 17 or FIG. 18 and may be modified in
any appropriate manner within the principle of the present
disclosure.

Eighth Embodiment

In an eighth embodiment of the present disclosure, as
shown in FIG. 19, the drive force transmission arrangement
65 is constructed as follows. That is, a clutch 66 (or a one-way
clutch) is provided to the engine shaft 16 to connect or dis-
connect the engine 10 relative to the planetary carrier C of the
first planetary gear mechanism 13 and the sun gear S of the
second planetary gear mechanism 14 through coupling or
decoupling, respectively, of the clutch 66 (or the one-way
clutch), and the rest of the structure of the drive force trans-
mission arrangement 65 is similar to the drive force transmis-
sion arrangement 51 (see FIG. 10) of the second embodiment.
In this case, the engine shaft demand MG torque Tem and the
output shaft demand MG torque Tpm are computed in a
manner similar to that of the seventh embodiment.

Alternatively, the brake or the stationary-end-coupled one-
way clutch (e.g., the brake or the stationary-end-coupled one-
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way clutch of the sixth embodiment) may be provided to the
engine shaft 16. In such a case, the engine shaft demand MG
torque Tem and the output shaft demand MG torque Tpm are
computed ina manner similar to that of the sixth embodiment.
The positional relationship of each of the sun gear S, the
ring gear R and the planetary carrier C of each planetary gear
mechanism relative to the corresponding shaft (the corre-
sponding one of the engine shaft, the drive force output shaft
and the rotatable shaft of the MG) is not limited to the one
shown in FIG. 19. That is, the combination of each shaft (each
of the engine shaft, the drive force output shaft and the rotat-
able shaft of the MG) and the corresponding one of the sun
gear S, the ring gear R and the planetary carrier C of the
corresponding planetary gear mechanism is not limited to the
one shown in FIG. 19 and may be modified in any appropriate
manner within the principle of the present disclosure.

Ninth Embodiment

In a ninth embodiment of the present disclosure, as shown
in FIG. 20, the drive force transmission arrangement 67 is
constructed as follows. That is, a clutch 68 (or a one-way
clutch) is provided to the engine shaft 16 to connect or dis-
connect the engine 10 relative to the planetary carrier C of the
first planetary gear mechanism 13 through coupling or decou-
pling, respectively, of the clutch 68 (or the one-way clutch),
and the rest of the structure of the drive force transmission
arrangement 67 is similar to the drive force transmission
arrangement 52 (see FI1G. 11) of the third embodiment. In this
case, the engine shaft demand MG torque Tem and the output
shaft demand MG torque Tpm are computed in a manner
similar to that of the seventh embodiment.

Alternatively, the brake or the stationary-end-coupled one-
way clutch (e.g., the brake or the stationary-end-coupled one-
way clutch of the sixth embodiment) may be provided to the
engine shaft 16. In such a case, the engine shaft demand MG
torque Tem and the output shaft demand MG torque Tpm are
computed ina manner similar to that of the sixth embodiment.

The positional relationship of each of the sun gear S, the
ring gear R and the planetary carrier C of the planetary gear
mechanism relative to the corresponding shaft (the corre-
sponding one of the engine shaft, the drive force output shaft
and the rotatable shaft of the MG) is not limited to the one
shown in FIG. 20. That is, the combination of each shaft (each
of the engine shaft, the drive force output shaft and the rotat-
able shaft of the MG) and the corresponding one of the sun
gear S, the ring gear R and the planetary carrier C of the
planetary gear mechanism is not limited to the one shown in
FIG. 20 and may be modified in any appropriate manner
within the principle of the present disclosure.

Even in the sixth to ninth embodiments discussed above,
the hybrid ECU 24 computes the torque command value of
the first MG 11 and the torque command value of the second
MG 12 through use of the equation of torque equilibrium,
which corresponds to the drive force transmission arrange-
ment, based on the engine shaft demand MG torque and the
output shaft demand MG torque. Thereby, the three objec-
tives, i.e., the controlling of the rotational speed of the engine,
the controlling of the output torque and the limiting of the
input and output of the electric power at the battery can be
achieved without complicating the control operation of the
first and second MGs 11, 12.

In the sixth to ninth embodiments, the present disclosure is
applied to the system, which has the clutch device (i.e., the
clutch 62, 66, 68, the one-way clutch 64, the brake 56 or the
stationary-end-coupled one-way clutch 58) that is provided to
the engine shaft 16. However, the present disclosure is not
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limited to this structure. For instance, the present disclosure
may be applied to a system, which has the clutch device (the
clutch device similar to the clutch device discussed in any one
of'the sixth to ninth embodiments) that is provided to the drive
force output shaft 17.

In such a case, when the clutch device is switched to the
side, at which the transmission of the drive force is not limited
(i.e., when the brake or the stationary-end-coupled one-way
clutch is in the decoupled state or when the clutch or the
one-way clutch is in the coupled state), the output shaft
demand MG torque Tpm, which is computed at the output
shaft demand MG torque computing unit 45, is directly used.
In this way, the output shaft demand MG torque Tpm, which
is required to provide the required drive force of the vehicle
and to limit the input and output of the electric power at the
battery 23, can be accurately set.

In contrast, when it is determined that the brake or the
stationary-end-coupled one-way clutch is in the coupled state
(the state of preventing the rotation of the drive force output
shaft 17), the output shaft demand MG torque Tpm is set to
the predetermined value (e.g., zero, the constant other than
zero, or the value computed through the use ofthe equation of
torque equilibrium, which is designed for the case where the
drive force output shaft 17 serves as the stationary end).
Alternatively, when it is determined that the clutch or the
one-way clutch is in the decoupled state (the state of disabling
the transmission of the drive force), the output shaft demand
MG torque Tpm is set to zero (i.e., Tpm=0).

The structure of the drive force transmission arrangement
is not limited to any one of the above embodiments and may
be modified in an appropriate manner. For instance, a motor
generator (MG) of a two-rotor type may be used as a drive-
force dividing mechanism.

Furthermore, in each of the above embodiments, the hybrid
ECU is used to compute the engine shaft demand MG torque,
the output shaft demand MG torque and the torque command
values of the MGs. However, the present disclosure is not
limited to this. That is, any other appropriate ECU (e.g., the
MG ECU), which is other than the hybrid ECU, may be used
to compute the engine shaft demand MG torque, the output
shaft demand MG torque and the torque command values of
the MGs. Further alternatively, both of the hybrid ECU and
the other appropriate ECU may be used to compute the engine
shaft demand MG torque, the output shaft demand MG torque
and the torque command values of the MGs.

Additional advantages and modifications will readily
occur to those skilled in the art. The present disclosure in its
broader terms is therefore not limited to the specific details,
representative apparatus, and illustrative examples shown
and described.

What is claimed is:

1. A drive force output apparatus for a vehicle, comprising:

an internal combustion engine;

a plurality of motor generators;

a drive force transmission arrangement that includes at
least one drive force dividing mechanism, wherein an
engine shaft of the internal combustion engine, rotatable
shafts of the plurality of motor generators and a drive
force output shaft are interconnected with each other
through the drive three transmission arrangement in a
manner that enables transmission of a drive force
through the drive force transmission arrangement, and
the drive force output shaft is connected to a plurality of
wheels of the vehicle to transmit a drive force;

a battery that is connected to the plurality of motor genera-
tors to output and receive an electric power relative to the
plurality of motor generators;
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an engine shaft demand motor generator torque computing
section that computes an engine shaft demand motor
generator torque, which is it torque that is provided from
the plurality of motor generators and is required by the
engine shaft of the internal combustion engine to control
a rotational speed of the internal combustion engine;

an output shaft demand motor generator torque computing
section that computes an output shaft demand motor
generator torque, which is a torque that is provided from
the plurality of motor generators and is required by the
drive force output shaft to ensure supply of a required
drive force of the vehicle and to limit input and output of
the battery; and

a motor generator torque command value computing sec-

tion that computes a torque command value of each of
the plurality of motor generators through use of an equa-
tion of torque equilibrium, which corresponds to the
drive force transmission arrangement, based on the
engine shaft demand motor generator torque and the
output shaft demand motor generator torque, wherein at
least one of the plurality of motor generators outputs the
drive force to the drive force output shaft through the
drive force transmission arrangement to drive the
vehicle with the drive force of the at least one of the
plurality of motor generators through the plurality of
wheels of the vehicle in a predetermined drive mode.

2. The drive force output apparatus according to claim 1,
wherein the engine shaft demand motor generator torque
computing section computes the engine shaft demand motor
generator torque in a manner that reduces a difference
between a target engine rotational speed of the internal com-
bustion engine and an actual engine rotational speed of the
internal combustion engine.

3. The drive force output apparatus according to claim 1,
further comprising a setting section that sets the engine shaft
demand motor generator torque to zero when the vehicle is
driven by the drive force provided from the plurality of motor
generators in an engine stop state of the internal combustion
engine.

4. The drive force output apparatus according to claim 1,
further comprising a setting section that sets the engine shaft
demand motor generator torque to a value of a required crank-
ing torque, which is required to crank the internal combustion
engine, at a time of starting the internal combustion engine.

5. The drive force output apparatus according to claim 1,
wherein the output shaft demand motor generator torque
computing section computes the output shaft demand motor
generator torque based on:

an output shaft demand torque that is a torque, which is

required by the drive force output shaft to ensure the
required drive force of the vehicle and is computed by
the output shaft demand motor generator torque com-
puting section; and

an output shaft torque limit amount that is a torque limit

amount of the drive force output shaft, which is required
to limit input and output of the battery and is computed
by the output shaft demand motor generator torque com-
puting section.

6. The drive force output apparatus according to claim 5,
wherein:

the output shaft demand motor generator torque computing

section computes the outpt shaft demand torque based

on:

a target drive output shaft torque that is a target drive
torque of the drive force output shaft, which is com-
puted by the output shaft demand motor generator
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torque computing section based at least on informa-
tion that indicates a degree of depression of an accel-
erator pedal; and

a mechanical brake torque; which is computed by the
output shaft demand motor generator torque comput-
ing section based at least on information that indicates
a degree of depression eta brake pedal.

7. The drive three output apparatus according to claim 5,
wherein:

the output shaft demand motor generator torque computing

section computes the output shaft torque limit amount

based on:

a battery output estimate value, which is an output esti-
mate value of the battery and is computed by the
output shaft demand motor generator torque comput-
ing section based on a target battery output, an electric
system loss of the drive force output apparatus and a
difference between a target engine output and an
actual engine output of the internal combustion
engine; and

a battery output limit value, which is an output limit
value of the battery and is computed by the output
shaft demand motor generator torque computing sec-
tion based on a state of the battery.

8. The drive force output apparatus according to claim 1,
wherein the at least one drive force dividing mechanism is at
least one planetary gear mechanism.

9. The drive force output apparatus according to claim 1,
wherein:

at least one of the engine shaft and the drive force output

shaft is provided with a clutch device; and

the clutch device is one of a clutch, a brake, a one-way

clutch and a stationary-end-coupled one-way clutch,

wherein the stationary-end-coupled one-way clutch is
coupled to a predetermined stationary end.

10. The drive force output apparatus according to claim 9,
wherein the engine shaft demand motor generator torque
computing section computes the engine shalt demand motor
generator torque in a manner that reduces a difference
between a target engine rotational speed of the internal com-
bustion engine and an actual engine rotational speed of the
internal combustion engine in a state where the clutch device
is switched to a side, at which transmission of a drive force
through the clutch device is not limited.

11. The drive force output apparatus according to claim 9,
wherein in a state where the clutch device is switched to a
side, at which transmission of a drive force through the clutch
device is not limited, the output shaft demand motor genera-
tor torque computing section computes the output shaft
demand motor generator torque based on:

an output shaft demand torque that is a torque, which is

required by the drive force output shaft to ensure the

required drive force of the vehicle and is computed by
the output shaft demand motor generator torque com-
puting section; and

an output shaft torque limit amount that is a torque limit

amount of the drive force output shaft, which is required

to limit input and output of the battery and is computed
by the output shaft demand motor generator torque com-
puting section.

12. The drive force output apparatus according to claim 9,
wherein:

the clutch device is one of the clutch and the one-way

clutch;

the drive force output apparatus further comprises a setting

section that sets corresponding at least one of the engine

shaft demand motor generator torque and the output
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shaft demand motor generator torque, which corre- when the one of the brake and the stationary-end-coupled
sponds to the at least one of the engine shaft and the drive one-way clutch is in a coupled state, the setting; section
force output shaft that is provided with the one of the sets the corresponding at least one of the engine shaft

clutch and the one-way clutch; and
When the one of the clutch and the one-way clutchisina ;
decoupled state, the setting section sets the correspond-

demand motor generator torque and the output shaft
demand motor generator torque to a predetermined

. ; torque.
ing at least one of the engine shaft demand motor gen- . . .
erator torque and the output shaft demand motor genera- 14. The drive force output apparatus accord}ng toclaim13,
tor torque to zero. wherein a value of the predetermined torque is zero.
h13. The drive force output apparatus according to claim9, .~ 15. The drive force output apparatus according to claim 13,
wherein:

wherein a value of the predetermined torque is a constant,

the clutch device is one of the brake and the stationary-end- which is other than zero.

coupled one-way clutch;

the drive force output apparatus further comprises a setting
section that sets corresponding at least one of the engine
shaft demand motor generator torque and the output

16. The drive force output apparatus according to claim 13,
wherein a value of the predetermined torque is a correspond-
15 ing value that is computed through use of an equation of
shaft demand motor generator torque, which corre- torque equilibrium, which corresponds to a case where the at
sponds to the at least one of the engine shaft and the drive lea§t one ofthe engine shaft and the drive force output shaft,
force Output shaft that is provided with the one of the which is provided with the one of the brake and the stationary-
brake and the stationary-end-coupled one-way clutch; end-coupled one-way clutch, serves as a stationary end.
and k% & %



